Objective: Necrotizing fasciitis is a life threatening soft-tissue infection with a high morbidity and mortality. Prompt treatment based on extensive surgical debridement and antibiotic therapies are the therapeutic principles.
Necrotizing fasciitis is a rare but aggressive soft-tissue infection, which involves the fascial layers and the subcutaneous tissue, while skin and muscle initially remain intact [1] . This infection, which is usually induced by virulent, toxin producing bacteria, can occur in any region of the body but it is predominantly located in the abdominal wall, perineum and extremities [2, 3] . On the basis of microbiological cultures Giuliano and colleagues [4] divided the necrotizing fasciitis into two distinct groups. Type I infections are polymicrobial and involve non-group-A streptococci, aerobes and/or facultative anaerobic bacteria. Type II is usually caused by β-haemolytic group-A streptococci alone or in combination with staphylococci. Predisposing factors of the disease are diabetes, alcohol and intravenous drug abuse as well as immunosuppression and peripheral vascular disease [5, 6] . However, necrotizing fasciitis has also been reported in young and previously healthy individuals.
An early sign of necrotizing fasciitis is local erythema and pain out of proportion to findings of physical examination as well as fever. Skin necrosis due to thrombosis of blood vessels at the fascial level is a sequel of the initiating process and is often associated with severe sepsis [7] [8] [9] [10] . Histomorphological hallmarks are necrosis of the superficial fascia with blood vessel thrombosis, severe inflammation of the dermis and subcutaneous fat as well as subcutaneous fat necrosis. Sometimes myonecrosis of underlying skeletal muscle is obvious [11] [12] [13] . Diagnostic clues include clinical findings and detection of soft-tissue gas or in less obvious cases edema and stranding of the fascial layers by computed tomography (CT) scanning as well as soft-tissue fluid by magnetic resonance imaging (MRI) [14] [15] [16] [17] .
Because of the high mortality ranging between 6 and 76 % in different reports, prompt and aggressive therapy based on early and extensive surgical debridement, antibiotics and intensive care is necessary [7] .
The aim of the present study was to analyze the factors affecting the outcome of patients with necrotizing fasciitis treated at our institution over the past 9 years. At the beginning of this time period a necrotizing fasciitis alertness "attitude" was instituted, presenting every dubious case to particularly involved staff surgeons. MATERIAL AND METHODS
The medical results of patients who had been treated at our department for necrotizing fasciitis between 1996 and 2005 were analyzed retrospectively. The diagnosis of necrotizing fasciitis was established based on clinical findings such as characteristic skin changes, pain out of proportion to physical findings, fever, leucocytosis and elevated c-reactive protein levels as well as intraoperative findings such as necrosis of the superficial fascia and fat and the presence of foulsmelling fluid known as "dishwater pus".
In 10 cases (n = 10) a CT scan was performed. CT examinations were reviewed separately and blinded by two radiologists. To assess the predictive value of CT, CT scans from 10 patients with other soft tissue infec-tions such as cellulitis and phlegmonia were included in the radiological review. All pathological changes were noted including those of the cutis, subcutis, fasiacl layers and muscle. In cases which remained unclear despite these examinations suspected foci were exposed surgically and the procedure was chosen according to the clinical aspect of the tissue. If the diagnosis was not adequately established by these methods, a biopsy specimen was analyzed by frozen section or rapid embedding process and measures were taken accordingly, e.g. a mild non mutilating debridement until verification of the diagnosis by histopathological examination. All cases included in this study finally had histopathological verification of the disease.
We assessed the value of the different diagnostic procedures performed in each case before radical debridement. We also reviewed the medical results for impact of demographic and clinical data as well as laboratory findings at the time of admission, comorbidities, site of infection, time from symptoms to admission, number and type of operations, the duration of hospitalization and the length of intensive care unit (ICU) stay as well as days on the respirator. The patients were classified by organisms isolated from swabs or tissue specimens during the first surgical treatment as type I and type II infections according to Giuliano and associates [4] . The physical status of the patients before the first surgical treatment was assessed according to the criteria of the American Society of Anaesthesiologists (ASA) [18] .
Data analysis was performed using the SPSS 11.5 software package (SPSS Inc., Chicago, IL, USA). Correlation between epidemiological, clinical and microbiological variables was examined using the nonparametric Mann-Whitney-test. A two-tailed p-value less than 0.05 was considered to indicate statistical significance.
RESULTS
Twenty-six consecutive patients with necrotizing fasciitis were treated at our department between 1996 and 2005. Fifteen patients (57.7 %) were transferred to our department from other hospitals and seven patients (26.9 %) from other departments of our university. Only four patients (15.4 %) presented with symptoms directly to our department. There were 8 women and 18 men with a mean age of 51.4 years ± 14 (range 23 to 82 years). In our patient group twenty-four patients (92.3 %) had a mean number of 2.54 ± 1.4 (range 1-6) comorbidities. The most common comorbidities were diabetes, obesity, heart diseases, nicotine-and/or alcohol-abuse ( Table 1 ). The mean body mass index (BMI) in our study group was 28.7 ± 7.6 (range 18 to 51.6). Six Patients (23.1 %) used corticoids because of chronic inflammatory bowel disease, Felty syndrome, mixed connective tissue disease or polyarthritis. Only two patients (7.7 %) had no relevant comorbidities.
The infection was localized in seven patients (26.9 %) at the perineum, in eight patients (30.8 %) at the extremities and eleven patients (42.3 %) had truncal involvement (Fig. 1) . The port of entry of the infection could be identified in only thirteen patients (50 %). In seven cases of postoperative necrotizing fasciitis re-exploration of the wound established the diagnosis. Indications for initial surgery were toxic megacolon due to ulcerative colitis in one patient, antral resection due to gastric carcinoid tumour in one patient, intraabdominal adhesions in one patient, in two patients repair of incarcerated hernia and urological operations in another two patients. Rare entries included the site of drug injection (one patient, 3.8 %), dermatitis due to infection with scabies norvegica (one patient, 3.8 %) and a chronic non-healing wound after a preceding trauma or chronic venous insufficiency (three patients, 11.5 %).
The presenting symptoms and their relative frequencies are reported in Table 2 . On admission six patients (23.1 %) were classified as ASA II, ten patients (38.5 %) as ASA III, nine patients (34.6 %) as ASA IV and one patient (3.8 %) as ASA V according to the criteria of the American Society of Anaesthesiologists [18] . The majority of patients consequently presented in a critical condition of severe systemic disease, thus requiring catecholamine treatment because of hemodynamic instability in thirteen patients (50 %). The mean total white blood cell count was 13874/µl ± 8622.6 (range 2200 to 37260) and the mean C -reactive protein level was 26.9 mg/dl ± 13.5 (range 0.9 to 58.1). CT-scanning was performed in ten patients with necrotizing fasciitis (38.5 %), whereof diagnosis was correctly made in five cases (50 %) by two interpreting radiologists. A thickening of the fascial layer (90 %), edema of the adjacent muscle (80 %) and focal fluid collections (abscesses) (70 %) were detected more frequent in patients with necrotizing fasciitis (Fig. 2 A) than in CT scans performed for other soft tissue infections (70 %, 30 % and 40 %). Other CT morphological observations such as a stranding of the subcutaneous tissue (100 % in both groups) or soft tissue gas along fascial planes (50 % vs. 40 %) showed no obvious differences between both groups. CT scan therefore showed a sensitivity of only 50 %, a specificity of 80 % and an accuracy of 71.4 %. There was no statistical significant correlation between CT-findings and other clinical or microbiological variables like type of infection or absence of anaerobes. In one patient with type II disease a biopsy was necessary in order to establish the diagnosis (Fig. 2 B) . EUROPEAN An initial necrosectomy with debridement of necrotic tissue and fascia was performed in all patients until healthy, vascularized margins were reached (Fig. 2  C) . Twenty-one patients (80.8 %) underwent at least one revision because of progressing necrotic and inflammatory tissue (range 1 to 8), of which the first was necessary in two patients (10 %) on the subsequent day. Three patients with involvement of the perineum received a colostomy. The mean delay from onset of symptoms to operation was 3.6 days ± 3.3 (range 0 to 14 days). Because of progressive infection after initial debridement an amputation below the knee was necessary in one patient for definitive treatment. A mean number of 3.7 ± 2.1 (range 1 to 10) operations were performed until complete resolution of the infection and reconstruction. Definitive reconstruction procedures included mesh graft coverage in twelve patients (46.2 %) or secondary wound closure in eight patients (30.8 %) . No reconstruction was performed in five patients (19.2 %) due to a fatal outcome (Fig. 3) .
Bacteriological culture results of tissue specimen or smears obtained at the first debridement identified in nine patients (34.6 %) a single organism and in thirteen patients (50 %) multiple organisms. In four patients (15.4 %) no organism could be isolated. Thus in fourteen patients (53.8 %) a type I polymicrobial necrotizing fasciitis according to the classification by Giuliano et al. was present. As summarized in Table 3 , isolates in these patients included non-group-A streptococci, staphylococci, enterobacteriaceae such as escherichia coli, klebsiella species, pseudomonas species and anaerobes. Eight infections (30.8 %) were type II infections according to the classification by Giuliano et al. [4] and were caused by group-A b haemolysing streptococci alone or in combination with staphylococci. Patients with positive anaerobic bacteriological cultures underwent significantly ( p = 0.005) more surgical procedures (median 3; quartile range 25%-75%: 1.25-5.5; interquartile range: 4.25) than patients without anaerobic involvement (median 1; quartile range 25%-75%: 0-1; interquartile range: 1) (Fig. 4) .
The mean length of stay was 48.1 ± 25.5 days (range 2 to 113). 19 patients (73.1 %) were admitted to our intensive care unit with a mean ICU stay of 20.1 ± 19.9 days (range 1 to 61 days). Out of this group twelve patients (63.2 %) required a mean of 20.3 ± 16 respirator days (range 1 to 61 days). Patients with severe systemic infection (ASA IV -V) had to be ventilated for a significantly ( p = 0.003) longer period (median 16.5; quartile range 25%-75%: 3.25-26.75; interquartile range: 23.5) than patients without any clinical signs of severe systemic inflammation (ASA II and III) (median 0: quartile range 25%-75%: 0-0; interquartile range: 0) (Fig. 5 A) . Additionally ASA IV and V patients suffering from necrotizing fasciitis re-EUROPEAN JOURNAL OF MEDICAL RESEARCH January 28, 2009 33 Fig. 3 . Definitive reconstructions after successful treatment of necrotizing fasciitis. (Fig. 5 B) . Seven patients (26.9 %) suffered from acute renal failure, five of which required (19.2 %) hemofiltration or hemodialysis. Further organ dysfunctions involved in eleven patients (42.3 %) the lung and in six patients (23.1 %) the liver. The overall mortality was 19.2 % (n = 5). All patients who died presented on admission with a severe systemic infection with life threatening organ failure and were classified as ASA IV or V patients. ASA IV or V patients had a mortality of 50 %. Survivors had a significantly lower ASA score on admission ( p = 0.036) than non survivors (Fig. 6 ). There was no statistical significant correlation between the lengths of symptoms, comorbidities, white blood cell count, type of infection or areas involved to the mortality or ICU stay.
DISCUSSION
Necrotizing fasciitis is a life threatening, rapidly progressing soft tissue infection with a high mortality up to 76 %. However, early diagnosis and extensive surgical debridement of all necrotic tissue has been demonstrated to improve survival [7, 8, 19, 20] . Paucity of clinical findings in the early course of the infection makes a timely diagnosis difficult. Early signs of disease do not include skin necrosis, crepitus or dishwater pus, in particular in type II infections. The therapy has to be initiated as early as possible, but radical skin debridement in patients who turn out not to suffer from necrotizing fasciitis has to be avoided. Therefore further diagnostic tools such as imaging procedures or histopathologic examination have to be used. Yen and colleagues [21] applied the criterion of diffuse thickening of the subcutaneous tissue accompanied by a fluid layer amounting more than four millimetres along the fascia in a prospective study using ultrasound techniques. They found a sensitivity of 88.2 % and a specificity of 95.4 %. More frequently used, CT scan may recognize fasciitis by detecting diffuse enhancement and thickening of the superficial and deep fascia as well as soft tissue gas or fluid collections [14, 15] . Consistent with previous reports typical diagnostic features at CT in our group were fascial thickening with enhancement and edema of the adjacent muscle, as well as fat stranding, fluid collections and gas tracking along fascial planes. CT scanning might help the surgeon to show the extension of an infectious process, but was in our group limited in its validity to distinguish between necrotizing fasciitis and other soft tissue infections. More suitable in distinguishing between necrotizing fasciitis and cellulites seems to be MR imaging with a reported sensitivity of 100 % and a specificity of 86 % performed in a group of seventeen patients consisting of eleven cases of necrotizing fasciitis and six cases of cellulites [16] . Thus, supporting that MR imaging rather than CT scanning should be preferred as diagnostic tool in necrotizing fasciitis. To establish the diagnosis of necrotizing fasciitis the correlation of clinical, imaging, and laboratory findings is mandatory. As formerly described, a frozen-section or rapid embedding biopsy of suspicious lesions is useful for early definitive diagnosis and can therefore reduce mortality significantly [22, 23] . Our operative strategy is aggressive debridement with complete removal of all necrotic areas until healthy tissue is exposed. Skin flaps are moderately trimmed and separated from the underlying tissue by surgical towels. Necrotic areas are resected. A daily examination of the wound must be performed in order to asses the local conditions and to exclude a progression of infection and necrosis.
Most of our patients presented on admission with typical symptoms of early necrotizing fasciitis such as swelling, erythema, pain out of proportion to physical examination and fever. Signs of a more progressive stage of the disease such as skin necrosis, purulent secretion, hemorrhagic bullae formation, crepitus and signs of a compartment syndrome as well as sensory and motor deficiencies were observed only in a minority of patients. Histopathologically, necrosis of the superficial fascia combined with angiothrombosis and suppuration are characteristic [11, 12] . Thereby subcutaneous fat necrosis mostly without major changes of the epidermis occurs as well as inflammation of the dermis and subcutaneous fat with infiltrating leucocytes. Bakleh and associates [13] concluded from a group of 63 cases with necrotizing fasciitis that histopathological findings and clinical course may correlate and established a model of three stages.
In our study the most common infection was a type I-polymicrobial infection with a prevalence of 53.8 %. In 30.8 % of our patients with type I infections, cultures grew also anaerobes. Patients with positive anaerobic cultures needed more surgical revisions, suggesting that especially these patients might profit from a hyperbaric oxygen therapy (HBO) in the adjuvant therapy of necrotizing fasciitis. A reduction of mortality and a decreased need of debridements were reported [24] [25] [26] [27] . In particular, patients suffering from infections with anaerobes may benefit from HBO therapy because of the direct toxic effect of increased free radicals through increased oxygenation in the hypoxic tissue area [28] .
The classification of physical status according to the American Society of Anaesthesiologists [18] correlates with perioperative mortality or postoperative outcome [29, 30] . So far, the prognostic value for patients suffering from necrotizing fasciitis had not been shown. We found a correlation between ASA status and days on the ICU, days on the respirator, and survival.
Necrotizing fasciitis remains a major challenge for several reasons. While it is of utmost importance to diagnose the disease early in its course, the signs may be very unspecific and less severe conditions such as cellulitis or may be considered. Once the suspicion of necrotizing fasciitis is raised immediate action is required. The diagnosis and extent have to be established. Resection of all affected fascia may require the resection of large segments of viable skin and subcutaneous tissue. The problems are particularly striking in type II necrotizing fasciitis, where typical foulsmelling dishwater pus is missing.
In order to overcome these difficulties, we instituted a "necrotizing fasciitis alertness" team, including an experienced staff member, which is supposed to see all patients who are under suspicion immediately after admission. If immediate diagnosis cannot be established, diagnostic procedures like MR-or CT-imaging and fascial biopsy are initiated.
In summary, the need for early diagnosis and aggressive therapy has been stressed before in the literature [7, 8, 19, 20] . We confirm this approach. Our diagnostics consisted of three steps: examination by a surgical infectious disease specialist, CT-or MR-scan and, if necessary, a biopsy, processed by rapid embedding. This allowed us to submit all patients to definitive therapy within 24 hours. In one case the diagnosis was substantiated by a biopsy prior to major surgery, in 10 cases the nature and extent of the disease was determined by CT-scan, showing a limited diagnostic validity. If anaerobes are isolated in necrotizing fasciitis an early and aggressive second look is necessary. At the same time, however, the basis of timely therapy is a high level of suspicion with no diagnostic tool being superior to clinical judgement.
